MINIATURE BROADBAND RING-LIKE MICROSTRIP PATCH ANTENNA 



TECHNICAL FIELD 

5 

The present invention refers to a new family of microstrip patch antennas of 
reduced size and broadband behaviour based on an innovative set of curves 
named space-filling curves (SFC). The invention is specially useful in the 
environment of mobile communication devices (cellular telephony, cellular 
10 pagers, portable computers and data handlers, etc.), where the size and weight 
of the portable equipments need to be small. 

BACKGROUND OF THE INVENTION 

15 

An antenna is said to be a small antenna (a miniature antenna) when it can be 
fitted in a space which is small compared to the operating wavelength. More 
precisely, the radiansphere is taken as the reference for classifying an antenna 
as being small. The radiansphere is an imaginary sphere of radius equal to the 
20 operating wavelength divided by two times n\ an antenna is said to be small in 
terms of the wavelength when it can be fitted inside said radiansphere. 

The fundamental limits on small antennas where theoretically established by 
H.Wheeler and L.J.Chu in the middle 1940's. They basically stated that a small 

25 antenna has a high quality factor (Q) because of the large reactive energy 
stored in the antenna vicinity compared to the radiated power. Such a high 
quality factor yields a narrow bandwidth; in fact, the fundamental limit derived in 
such theory imposes a maximum bandwidth given a specific size of an small 
antenna. Other characteristics of a small antenna are its small radiating 

30 resistance and its low efficiency. 

The development of innovative structures that can efficiently radiate from a 
small space has an enormous commercial interest, especially in the 



2 



environment of mobile communication devices (cellular telephony, cellular 
pagers, portable computers and data handlers, to name a few examples), 
where the size and weight of the portable equipments need to be small. 
According to R.C.Hansen (R.C.Hansen, "Fundamental Limitations on 
5 Antennas," Proc.lEEE, vol.69, no. 2, February 1981), the performance of a small 
antenna depends on its ability to efficiently use the small available space inside 
the imaginary radiansphere surrounding the antenna. In the present invention, a 
novel set of geometries named ring-like space-filling surfaces (RSFS) are 
introduced for the design and construction of small antennas that improves the 
10 performance of other classical microstrip patch antennas described in the prior 
art. 

A general configuration for microstrip antennas (also known as microstrip patch 
antenans) is well known for those skilled in the art and can be found for 

15 instance in (D.Pozar, "Microstrip Antennas: The Analysis and Design of 
Microstrip Antennas and Arrays". IEEE Press, Piscataway, NJ 08855-1331). 
The advantages such antennas compared to other antenna configurations are 
its low, flat profile (such as the antenna can be conformally adapted to the 
surface of a vehicle, for instance), its convenient fabrication technique (an 

20 arbitrarily shaped patch can be printed over virtually any printed circuit board 
substrate), and low cost. A major draw-back of this kind of antennas is its 
narrow bandwidth, which is further reduced when the antenna size is smaller 
than a half-wavelength. A common technique for enlarging the bandwith of 
microstrip antennas is by means of a parasitic patch (a second patch placed on 

25 top of the microstrip antenna with no feeding mechanism except for the 
proximity coupling with the active patch) which enhances the radiation 
mechanism (a description of the parasitic patch technique can be found in 
J.F.Zurcher and F.E.Gardiol, "Broadband Patch Antennas", Artech House 
1995.). A common disadvantage for such an stacked patch configuration is the 

30 size of the whole structure. 

SUMMARY OF THE INVENTION 
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In this sense the present invention discloses a technique for both reducing the 
size of the stacked patch configuration and improving the bandwidth with 
respect to the prior art. This new technique can be obviously combined with 
5 other prior art miniaturization techniques such as loading the antenna with 
dielectric, magnetic or magnetodielectric materials to enhance the performance 
of prior art antennas. 

The advantage of the present invention is obtaining a microstrip patch antenna of 
10 a reduced size when compared to the classical patch antennas, yet performing 
with a large bandwidth. The proposed antenna is based on a stacked patch 
configuration composed by a first conducting surface (the active patch) 
substantially parallel to a conducting ground counterpoise or ground-plane, and a 
second conducting surface (the parasitic patch) placed parallel over such active 
15 patch. Such parasitic patch is placed above the active patch so the active patch is 
placed between said parasitic patch an said ground-plane. One or more feeding 
sources can be used to excite the said active patch. The feeding element of said 
active patch can be any of the well known feeding element described in the prior 
art (such as for instance a coaxial probe, a co-planar microstrip line, a capacitive 
20 coupling or an aperture at the ground-plane) for other microstrip patch antennas. 

The essential part of the invention is the particular geometry of either the active or 
the parasitic patches (or both). Said geometry (RSFS) consists on a ring, with an 
outer perimeter enclosing the patch and an inner perimeter defining a region 

25 within the patch with no conducting material. The characteristic feature of the 
invention is the shape of either the inner our outer perimeter of the ring, either on 
the active or parasitic patches (or in both of them). Said characteristic perimeter is 
shaped as an space-filing curve (SFC), i.e., a curve that is large in terms of 
physical length but small in terms of the area in which the curve can be included. 

30 More precisely, the following definition is taken in this document for a space-filling 
curve: a curve composed by at least ten segments which are connected in such a 



4 



way that each segment forms an angle with their neighbours, i.e., no pair of 
adjacent segments define a larger straight segment, and wherein the curve can be 
optionally periodic along a fixed straight direction of space if and only if the period 
is defined by a non-periodic curve composed by at least ten connected segments 
5 and no pair of said adjacent and connected segments define a straight longer 
segment. Also, whatever the design of such SFC is, it never intersects with itself 
at any point except the initial and final points (that is, the whole curve is arranged 
as a closed loop definning either the inner or outer perimeter of one patch within 
the antenna conifiguration). Due to the angles between segments, the physical 
10 length of said space-filling curve is always larger than that of any straight line that 
can be fitted in the same area (surface) as said space-filling curve. Additionally, to 
properly shape the structure of the miniature patch antenna according to the 
present invention, the segments of the SFC curves must be shorter than a tenth of 
the free-space operating wavelength. 

15 

The function of the parasitic patch is to enhance the bandwidth of the whole 
antenna set. Depending on the thickness and size constrain and the particular 
application, a further size reduction is achieved by using the same essential 
configuration for the parasitic patch placed on top of the active patch. 

20 

It is precisely due to the particular SFC shape of the inner or outer (or both) 
perimeters of the ring on either the active or parasitic patches that the antenna 
features a low resonant frequency, and therefore the antenna size can be reduced 
compared to a conventional antenna. Due to such a particular geometry of the 
25 ring shape, the invention is named Microstrip Space-Filling Ring antenna (also 
MSFR antenna). Also, even in a solid patch configuration with no central hole for 
the ring, shaping the patch perimeter as an SFC contributes to reduce the 
antenna size (although the size reduction is in this case not as significant as in the 
ring case). 

30 
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The advantage of using the MSFR configuration disclosed in the present 
document (Fig.1) is threefold: 

(a) Given a particular operating frequency or wavelength, said MSFR antenna 
has a reduced electrical size with respect to prior art. 
5 (b) Given the physical size of the MSFR antenna, said antenna can operate at 
a lower frequency (a longer wavelength) than prior art. 
(c) Given a particular operating frequency or wavelength, said MSFR antenna 
has a larger impedance bandwidth with respect to prior art. 

10 Also, it is observed that when these antennas are operated at higher order 
frequency modes, they feature a narrow beam radiation pattern, which makes the 
antenna suitable for high gain applications. 

As it will be readily notice by those skilled in the art, other features such as cross- 
15 polarization or circular or eliptical polarization can be obtained applying to the 
newly disclosed configurations the same conventional techniques described in the 
prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig.1 Shows three different configurations for an MSFR antenna, with a RSFS for 
the active patch and parasitic patch(top), RSFS only for the parasitic patch 
(middle) or the RSFS for the active patch (bottom). 

25 Fig. 2 Shows three different configurations for an MSFR antenna where the centre 
of active and parasitic patch do not lie on the same perpendicular axis to the 
groundplane. 

Fig. 3 Describes several RSFS examples wherein the outer and inner perimeters 
30 are based on the same curve and with the same number of segments. 
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Fig.4 Shows several RSFS examples based on the same curve wherein the outer 
and inner perimeter have different lengths for each case. 

Fig. 5 Shows RSFS examples wherein the outer and inner perimeters are based 
5 on different curves with equal and not-equal number of segments. 

Fig. 6 Shows RSFS examples as those in Fig. 3, based on different SFC. 

Fig. 7 More RSFS examples as those in Fig,6 

10 

Fig. 8 Describes some RSFS examples where the centre of the whole structure do 
not coincide with the centre of the removed part. 

Fig. 9 Shows RSFS examples with different SFC for the inner and outer perimeter 
15 and with the centre of the whole structure placed different than the centre of the 
removed part. 

Fig. 10 Describes RSFS examples where the outer perimeter is a SFC (figures a 
and b) and the inner perimeter is a classical Euclidean curve (e.g. square, circle, 
20 triangle...). Figures c and d where the outer perimeter is a conventional poligonal 
geometry (e.g. square, circle, triangle...) and where the inner perimeter is a SFC. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 Fig. 1 describes three preferred embodiments for a MSFR antenna. The top one 
describes an antenna formed by an active patch (3) over a ground plane (6) and a 
parasitic patch (4) placed over said active patch where at least one of the patches 
is a RSFS (e.g. FIG.1 (top) both patches are a RSFS, only the parasitic patch is a 
RSFS (middle) and only the active patch is a RSFS (bottom)). Said active and 

30 parasitic patches can be implemented by means of any of the well-known 
techniques for microstrip antennas already available in the state of the art, since 
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its implemenation is not relevant to the invention. For instance, the patches can be 
printed over a dielectric substrate (7 and 8) or can be conformed through a laser 
cut process upon a metallic layer. Any of the well-known printed circuit fabrication 
techniques can be applied to pattern the RSFS over the dielectric substrate. Said 
5 dielectric substrate can be for instance a glass-fibre board, a teflon based 
substrate (such as Cuclad®) or other standard radiofrequency and microwave 
substrates (as for instance Rogers 4003® or Kapton®). The dielectric substrate can 
even be a portion of a window glass if the antenna is to be mounted in a motor 
vehicle such as a car, a train or an airplane, to transmit or receive radio, TV, 

10 cellular telephone (GSM 900, GSM 1800, UMTS) or other communication 
services of electromagnetic waves. Of course, a matching network can be 
connected or integrated at the input terminals of the active patch. The medium (9) 
between the active (3) and parasitic patch (4) can be air, foam or any standard 
radio frequency and microwave substrate. The said active patch feeding scheme 

15 can be taken to be any of the well-known schemes used in prior art patch 
antennas, for instance: a coaxial cable with the outer conductor connected to the 
ground-plane and the inner conductor connected to the active patch at the desired 
input resistance point (5). Of course the typical modifications including a capacitive 
gap on the patch around the coaxial connecting point or a capacitive plate 

20 connected to the inner conductor of the coaxial placed at a distance parallel to the 
patch, and so on can be used as well. Examples of other obvious feeding 
mechanisms are for instance a microstrip transmission line sharing the same 
ground-plane as the active patch antenna with the strip capacitively coupled to the 
active patch and located at a distance below the said active patch; in another 

25 embodiment the strip is placed below the ground-plane and coupled to the active 
patch through an slot, and even a microstrip transmission line with the strip co- 
planar to the active patch. All these mechanisms are well known from prior art and 
do not constitute an essential part of the present invention. The essential part of 
the present invention is the shape of the active patch and parasitic (in this case 

30 the RSFS geometry) which contributes to reducing the antenna size with respect 
to prior art configurations and enhances the bandwidth. 



The dimensions of the parasitic patch is not necessarily the same than the active 
patch. Those dimensions can be adjusted to obtain resonant frequencies 
substantially similar with a difference less than a 20% when comparing the 
5 resonances of the active and parasitic elements. 

Fig. 2 describes an other preferred embodiment where the centre of the said 
active (3) and parasitic patches (4) are not aligned on the same perpendicular axis 
to the groundplane (7). The top figure describes a horizontal and vertical 
10 misalignment, the middle describes a horizontal misalignment and the bottom 
describes a vertical misalignment. This misalignment is useful to control the 
beamwidth of the radiation pattern. 

To illustrate several modifications either on the active patch or the parasitic patch, 
15 several examples are presented. Fig. 3 describes some RSFS either for the active 
or the parasitic patches where the inner (1) and outer perimeters (2) are based on 
the same SFC. Fig. 4 describes an other preferred embodiment with different 
inner perimeter length. This differences on the inner perimeter are useful to slightly 
modify and adjust the operating frequency. Fig. 5 describes an other preferred 
20 embodiment where the outer perimeter (1) of the RSFS is based on a different 
SFC than the inner (2) perimeter. Fig. 6 and 7 describes other preferred 
embodiments with other examples of SFC curves, where the inner (1) and outer 
(2) perimeters of the RSFS are based on the same SFC. 

25 Fig. 8 illustrates some examples where the centre of the removed part is not the 
same than the centre of the patch. This centre displacement is specially useful to 
place the feeding point on the active patch to match the MSFR antenna to a 
specific reference impedance. In this way the can features an input impedance 
above 5 Ohms. 

30 
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Fig. 9 describes other preferred embodiments with several combinations: centre 
misalignments where the outer (1) and inner perimeters of the RSFC are based 
on different SFC. 

5 Fig. 10 Describes another preferred embodiment (figures a and b) where the outer 
perimeter (1) of the RSFS is a SFC and the inner perimeter is a conventional 
Euclidean curve (e.g. square, circle...). And examples illustrated in figures c and d 
where the outer perimeter of the RSFS (1) is a classical Euclidean curve (e.g. 
square, circle,...) and the inner perimeter (2) is a SFC. 

0 

Having illustrated and described the principles of our invention in several preferred 
embodiments thereof, it should be readily apparent to those skilled in the art that 
the invention can be modified in arrangement and detail without departing from 
such principles. 



